Synthesis of CPE-di-ureasils
CPE-di-ureasil composites were prepared via two different methods: direct insertion and solvent permeation. Both methods involve the preparation of a di-ureapropyltriethoxysilane (d-UPTES) precursor solution, which has been described in detail elsewhere. [4] [5] [6] In brief,
Jeffamine ED-600 (1 ml, 1.75 mmol) was dissolved in THF (5 ml), to which 3-isocyanatopropyltriethoxysilane (ICPTES) (0.9 ml, 3.0 mmol) was added under stirring. This mixture was refluxed at 70 ˚C for 24 hr to prepare the d-UPTES precursor solution. The undoped di-ureasil is obtained by addition of ethanol (0.409 ml, 7 mmol), HCl (0.5 M, 0.040 ml) and H 2 O (0.095 ml, 5.3 mmol) to the d-UPTES solution, which triggers the acidcatalysed sol-gel reaction. This corresponds to a ratio of 1 ICPTES: 2. 0.006 HCl molar equivalents. The solution was stirred for 5 min before being poured into a polyurethane mould which was then covered with Parafilm. After 24 hr, the Parafilm was pierced to encourage slow evaporation of the solvent. The samples were then placed in the oven at 40 ˚C for 48 hr to complete the drying process which produced free-standing, transparent monoliths.
In the direct insertion method, a fixed volume of CPE solution was added to the d-UPTES precursor described above, prior to the addition of the gelation agents. The volume of the CPE solution was varied to produce CPE-di-ureasils with the doped wt% described in Table   1 . In the solvent permeation method, preformed blank di-ureasils were placed in a CPE solution of fixed volume (4 ml) and known concentration, upon which the hybrid swells taking up the CPE solution in which it is immersed. The concentrations of stock CPE solution used are outlined in Table 1 . Following immersion for 200 min, the samples were removed and allowed to dry for 24 hr, after which the samples contracted back to their initial size and form.
Instrumentation
Fourier Transform Infrared (FTIR) spectra were recorded on a Perkin-Elmer spectrum 100
FTIR spectrometer at room temperature. FTIR spectra were collected over a range of 4000-400 cm -1 by averaging 64 scans at a resolution of 4 cm -1 . The samples (2 mg) were finely ground and mixed with potassium bromide (175 mg) and pressed into pellets. To evaluate the contributions to the Amide I band spectral deconvolution using Gaussian band fitting was carried out using Origin 8.0® in the region of 1610-1770 cm -1 .
Powder X-ray diffraction (PXRD) patterns were recorded using a Siemens D500
diffractometer. The samples were exposed to the Cu K α radiation (λ =1.54 Ǻ) at room temperature in the range 5-70º (2θ). Steady-state PL spectroscopy was performed on a Fluorolog-3 spectrophotometer (Horiba Jobin Yvon), using the front-face configuration for solid state samples. Emission and excitation spectra were corrected for the wavelength response of the system and the intensity of the lamp profile over the excitation range, respectively, using correction factors supplied by the manufacturer. The emission and excitation slit width were fixed at 2.5 nm. PL quantum yields were measured using an F-3018 integrating sphere accessory. The values reported are the mean of three repeat measurements. The method is accurate to within 10%.
Photostability studies were carried out on CPE-di-ureasil samples and a thin film of pure PBS-PFP. The CPE thin film was prepared by spin-coating PBS-PFP (10 mg/ml in 1,4-dioxane/THF 20/80 v/v) onto a glass slide at a rate of 2000 rpm. Photostability experiments were performed using the same experimental configuration used for PL measurements.
Samples were irradiated using a Xe arc lamp (450 W) for 2 h at an excitation wavelength of 370 nm. The integrated emission intensity of the sample was measured at selected irradiation intervals. The irradiation power of the source was quantified using a photodiode (Newport, and 500 nm. Reconvolution and fitting of the fluorescence decays were carried out using Globals WE ® software package. 7 Global analysis was carried out on each sample on the decays collected at an emission wavelength of 420 and 500 nm linking the component at ~0.3 ns which appears both in the decays at 420 and 500 nm. The quality of fit was judged on the basis of the reduced chi-s uare statistic, χ 2 , and the randomness of residuals.
Confocal microscopy was performed using a Carl Zeiss LSM 700 confocal laser scanning system on an Axio Observer.Z1 inverted microscope stand with an excitation wavelength of 405 nm.
Determination of photoluminescence quantum yields (PLQY)
Photoluminescence from solid-state samples is typically emitted in a non-uniform spatial pattern due to the anisotropic distribution of chromophores and corresponding emission dipole moments. 8 PLQY of solids and thin films are thus usually determined using an integrating sphere, which eliminates this challenge to some extent. 8, 9 For optically thick samples such as the CPE-di-ureasils described here, waveguiding of the emitted light and/or reabsorption of the emitted photons may also lead to errors in the measured PLQY. To account for these factors, absolute PLQY measurements were first performed following the procedure reported by de Mello et al. 9 The observed PLQY values (PLQY obs ) were subsequently corrected for self-absorption using the method described by Ahn et al. 8 This approach takes into account both the initial emission and subsequent absorption and remission processes to determine the true PLQY. It is assumed that at the red-edge of the emission spectrum, where sample absorption is negligible, emission/reabsorption/remission occurs but does not lead to spectral reshaping. The long wavelength emission is thus described by:
where F() is the photoluminescence spectrum in photons per wavelength, normalised to
∫ ( )
. The factor  represents an empirical factor that scales the true spectrum F() (obtained by measuring the photoluminescence for a sample whose spectrum is not distorted by self-absorption) to an enhanced spectrum F() whose red-edge is matched to that of the observed photoluminescence spectrum F obs ().
The probability of self-absorption of an emitted photon, a, is determined from:
which enables determination of the true photoluminescence quantum yield (PLQY) from:
Ideally, the true photoluminescence spectrum (F()) is obtained by measuring a dilute solution of the lumophore where self-absorption is absent. However, in CPE-di-ureasil systems, both the CPE and the di-ureasil are photoluminescencet and no solution state equivalent exists. To overcome this, the true spectrum for each series is taken to be that of the lowest wt% sample measured in the front-face configuration (not in the integrating sphere).
In fact, self-absorption effects are minimal for these materials. This is illustrated in Figure S1 for DI-PBS-2.0 as an example. Good agreement between the solution-phase photoluminescence spectrum of PBS-PFP and the front-face photoluminescence spectrum of DI-PBS-2.0 is obtained, illustrating that utilisation of the front-face measurement to represent the "true" emission spectrum is reasona le. Only a minor correction for re-absorption effects are required for the corresponding measurement in the integrating sphere, which results in a negligible change in the PLQY ( Figure S2 ). The solid lines serve only to guide the eye. 
